Abstract
Introduction
Over the last two decades, we have witnessed an explosive growth in volume, variety and complexity of modern structured financial products-i.e. newly created securities through the combination of fixed income securities, equities, and derivative securities [1] - [3] . The popularity of these products is mainly due to the relative high coupon rate paid by some of these products (e.g. Reverse Convertible Bonds) or the highly levered payoffs (e.g. Bonus Certificates, Outperformance Certificates, etc.) when the market interest rates are at all-time lows. For example, US dollar-denominated structured products became very popular in the era when the US Federal Reserve Bank consecutively lowered the federal fund rates 13 times from 6% on January 3, 2001 to 1% in June 2003-the lowest level in the previous six decades. Recently, we have experienced another run of decreasing federal fund rates. The Federal Reserve Bank lowered the federal fund rates 10 times from 5.25% on June 29, 2006 to between 0% and 0.25% in December 17, 2008 -the all-time low. The appetite for higher returns would make structured products a natural choice.
However, investors are often required to take a high degree of risks that not always understand or are capable of assuming [4] - [10] . The potential loss of an investment in some types structured products could hypothetically result in a total loss of the invested capital. So, the current market conditions given (i.e. low interest rates and appetite for higher returns) combined with the complexity of these newly created financial instruments make the study of these securities more relevant than ever.
The purpose of the paper is to provide an in-depth economic analysis for the Certificates on a Straddle with Forward Start 1 (to be referred to as CSFS henceforth) to explore how the principles of financial engineering are applied to the creation of such newly structured products. A pricing model for the certificates is developed by using option pricing formulas. In addition, an example of a CSFS issued on March 18, 2005 by Credit Suisse (to be referred to as CS henceforth), a well-recognized large bank in Europe, is presented. In this example, the certificate is priced by calculating the cost of a portfolio with a payoff similar to the payoff of the certificate.
The rest of the paper is organized as follows: the design of the certificates is introduced in Section 2; the pricing model is developed in Section 3; in Section 4, an example of CSFS is presented and the profit for issuing the certificate is calculated using the model developed in Section 3; Section 5 presents the conclusions.
Design of Certificates on a Straddle with Forward Start
The rate of return of a CSFS is contingent upon the price performance of its underlying asset over the last three months of its term to maturity. The beginning date of the term to maturity is known as the initial fixing date. The beginning date for calculating the gain (or loss) of the underlying asset is known as the strike setting date and the ending date of the term to maturity is known as the final fixing date. The certificate enables the investor to participate in the potential increase in the volatility of the underlying asset between the initial fixing date and the strike setting date. After the strike level is fixed, the certificate consists of a regular Straddle on the underlying asset. The strike level is set equal to a positive constant, α, times the price of the underlying asset on the strike setting date, and the final index level price equal to the underlying asset on the final fixing date.
If I t is the underlying asset price on the strike setting date, (αI t ) the strike level, and I T the final index level, then for an initial investment in one certificate, the total value that an investor will receive on the redemption date (known as the redemption price), V T , is equal to:
Alternatively, the relationship between the terminal value of a certificate and the terminal value of the underlying asset based on the change in the underlying asset price (without taking into account dividends) can be represented in Figure 1 .
The Pricing of Certificates on a Straddle with Forward Start
The terminal value from Equation (1), V T , for an initial investment in one CSFS on strike setting date t, at-themoney (i.e. α = 1), and with term to maturity T, can be expressed mathematically as:
$1000 * max -;0 max 0; -
T t T T t t V I I I I
The max [I T -I t ; 0] in Equation (2) is the payoff for a long position in forward start European call options with exercise price I t . The max [I t -I T ; 0] in Equation (2) is the payoff for a long position in forward start European put options with exercise price I t . The $1000/I t in Equation (2) is the number of put and call contracts needed per $1000 notional value of the certificate. The exact value of the number of contracts cannot be determined in advanced in year 0 since I t is the price of the underlying asset on the strike setting date (i.e. year t). The best esti- mation of the underlying asset's price in year t using risk-neutral valuation would be 
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The payoff of one CSFS is exactly the same as the payoff for holding the following two positions: 1) A long position in forward start European call options on the underlying asset. The number of calls is , the exercise price of the option is I t , and the term to expiration is T (which is the term to maturity of the certificate).
2) A long position in forward start European put options on the underlying asset. The number of puts is , the exercise price of the option is I t , and the term to expiration is T (which is the term to maturity of the certificate).
Since the payoff of a CSFS is the same as the combined payoffs of the above two positions, the fair value of the certificate can be calculated based on the value of the two positions. Any selling price of the certificate above the value of the above two positions is the gain to the certificate issuer. The value of Position 1 is the value of 
where
where σ is the standard deviation of the underlying asset returns. Equation (4) can be simplified to [12] : 
where c is the value at time zero of an at-the-money call option that lasts for (T − t).
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The value of Position 2 is the value of ( ) 0 $ e 1000 r q t I − shares of forward start European put options with time to maturity T, starting at-the-money at time t in the future, the strike is set equal to the underlying asset price at time t, and with each option having the value p fs [11] 
with d 1 as in Equation (5) and d 2 as in Equation (6). Equation (8) can be simplified to [12] :
where p is the value at time zero of an at-the-money put option that lasts for (T − t). 3 Therefore, the total cost, TC, for each certificate is 
If B 0 is the issue price of the certificate, any selling price above the fair value is the gain to the certificate issuer. And the profit function (Π) for the issuer is
It is worth noting that, 1) when the exercise price of the option components is the same as the initial underlying asset price (I 0 ), I 0 vanishes from Equation (11) . The fact that the profit function for issuing CSFS is independent of the initial price I 0 is a very important feature in the design of a CSFS because once a CSFS is designed, it can be issued any time before the strike setting date regardless the price of the underlying stock since the issuer's profit will not be affected by this price; 2) all the "Greeks" of the certificates are similar to those of a long Straddle-the "Greeks" are quantities representing the certificates' price sensitivities to a change in one input of the pricing formula at the time.
Empirical Test
In this section, a CSFS, denominated in US dollars, issued by Credit Suisse on March 18, 2005 using the Nasdaq-100 Index as the underlying asset is empirically examined. The major characteristics of the certificate are listed in Appendix 1 of the paper.
Based on the information in Appendix 1, the certificate was issued on March 18, 2005 with notional amount equal to $1000 and sold at $82.40. The strike setting date (i.e. the date on which the closing price of the underlying asset will be used as the initial index level) was set on December 16, 2005 , approximately three months before the maturity date (or final fixing date). The final fixing date (i.e. the date on which the closing price of the underlying asset will be used as the final index level) was set on March 17, 2006 , approximately one year later than the issue date (or initial fixing date). In order to calculate the issuer's profit, the following data is needed for the certificate: 1) the price of the underlying asset, I 0 , 2) the cash dividends to be paid by the underlying assets and the ex-dividend dates so the dividend yield, q, can be calculated, 3) the risk-free rate of interest, r, and 4) the volatility of the underlying asset, σ. Equations (4), (7), and (8) are based on continuous dividend yield. Since dividends for the Nasdaq-100 Index are discrete, we calculate the equivalent continuous dividend yield. See Appendix 3 for the details of how equivalent continuous dividend yield rate is calculated from discrete dividends.
The prices and dividends of the underlying asset are obtained from Bloomberg; the risk-free rate of interest is the yield of government bonds (alternatively, swap rates) of which the term to maturity match those of the certificate. If a government bond that matches the term of maturity for a particular certificate cannot be found, the linear interpolation of the yields from two government bonds that have the closest maturity dates surrounding 2, 3 See Appendix 2 for more details on the derivation of the formulas. that of the certificate are used. The volatility (σ) of the underlying asset is the historical volatility calculated from the underlying securities prices in the previous 260 days is used. The one-year rate of interest, r, on March 18, 2005, the initial fixing date of the certificate, based on the US Dollar swap rates is 3.684%. The dividend yield, q, of the Nasdaq-100 Index is 0.43%. The Nasdaq-100 Index value on the initial fixing date of the certificate, I 0 , is 1484.40. The implied volatility of the Nasdaq-100 Index based on the stock options is 16.27% on the issue date. The cost of carry forward is 1532.52. Therefore, the total cost of issuing one CSFS, TC, based on Equation (10) 
So the profit for issuing each CSFS is approximately $19.02. There are several ways to examine the reasonableness of the profit (or the quality of the model). One way to test the quality of the model is to examine the profit on the certificate. Since the cost of issuing a certificate is about $63.38 per certificate, then, a profit of $19.02 seems reasonable. Alternatively, the rate of return on such a transaction can be examined. A profit of $19.02 on a transaction that requires an investment of $63.38 over one year period translates into an annual rate of return of 30%.
The result in the paper provided additional evidence that structured products have been overpriced, 2% -7% on average, in the primary market based on theoretical pricing models [1] - [29] for various types of structured products. The significant mispricing (30%) reported in this paper is especially in line with exotic certificates studied in the literature. Hernandez et al. [22] find that exotic cases of Bonus Certificates were overpriced 20% on average; Hernandez et al. [2] find that exotic cases of Japanese-Yen denominated Reverse Convertible Bonds were overpriced up to 30% on average, and Hernandez et al. [23] find that Protect Certificates were overpriced up to 19% on average.
Conclusion
In this paper a newly structured product known as cCSFS is introduced and detailed descriptions of the product specifications are provided. A pricing formula is developed to price the certificates. This paper shows that the payoff of a CSFS can be duplicated by the combination of a long position in put and call options with forward start on the underlying asset. A certificate issued by Credit Suisse is presented as an example to examine how well the model fits empirical data. The methodology used in this paper can be extended to the analysis of other structured products.
Appendix 1 Example of a Certificate on a Straddle with Future Start
The certificate in Appendix 1 was issued by investment bank Credit Suisse using the Nasdaq-100 Index as the underlying asset. The fixing date Credit Suisse set for the certificate was March 18, 2005 
Appendix 2
In this Appendix, we present the derivation of the pricing formulas for forward start European options with time to maturity T and that start at-the-money or proportionally in-or out-of-the-money after a known elapsed time t in the future (Equations (4) and (8)) from Rubinstein [11] formulas. In Rubinstein [11] , the pricing formulas for forward start European call (c fs ) and European put (p fs ) options are: 
